Abstract: Popularisation of historical rose cultivars is important for overall increase of biodiversity within currently available assortment, however their vegetative propagation is rather difficult. Possible scenario behind it is that commonly used one-bud leafy cuttings have limited storage capacity due to the small size of the stem. We hypothesised that the treatment of cuttings this rose with rooting preparations would positively affect on the condition of their leaves. We tested the effect of preparations based on seaweed extracts (Bio Rhizotonic, Root Juice, Bio Roots) as well as commonly used root stimulants (Ukorzeniacz A aqua and Ukorzeniacz B aqua containing 0,4% IBA or 0,2% NAA respectively) on the viability potential of the Rosa 'Duchesse d'Angoulême' cuttings. We have monitored the senescence process in leaves by the total soluble protein, chlorophyll and carotenoid content measurements. In order to test the potential effect of the mother plant and timing of shoots acquirement cuttings for the experiment were taken from mother plants at four different maturity stages (flower buds closed; all flowers open; just after petal fall and 7-14 days after petal fall). As expected the amount of the measured components in mother plants varied in individual phases of shoot maturity. This feature influenced the positive effect of rooting stimulants on cuttings viability. The most striking effects were in rooted cuttings derived from shoots collected just after flower petal fall. Observed increase in soluble protein and chlorophyll content did not correlate however with the percentage of obtained rooted cuttings. Based on that we can speculate that the biological basis of observed positive effect of natural rooting preparations on the 'Duchesse d'Angoulême' rose is complex and does not rely on the delay or inhibition of senescence process.
Introduction
The historical roses are valued for their high resistance to unfavourable growth conditions, especially frost, and popularisation of such cultivars is important for overall increase of biodiversity within currently available assortment. One of them with the highest decorative value (Monder 2007) , is Rosa gallica 'Duchesse d'Angoulême', bred by Vibert in 1821 (Quest-Ritson and Quest-Ritson 2003) .
Propagation of cultivars derived from many rose species such as Rosa gallica 'Duchesse d'Angoulême' by means of shoot cuttings is considered to be difficult (Hoşafçi et al. 2005; Moroz 2006) , and the rhizogenesis process in nursery conditions is time-consuming (Moroz 2006) . It has been shown, that in softwood and semi-hardwood cuttings in woody plants the amount of reserves is usually a limiting factor for survival and further growth (Okoro and Grace 1976) . In rose, single node leafy stem cuttings, have also limited storage capacity due to the small size of the shoot. Thus, the opportunity of cuttings to photosynthesis during propagation should be the main regulatory factor of survival and subsequent growth (rooting, growth of the auxiliary bud into primary shoot and dry weight accumulation) (Costa 2002) . The decreasing of chlorophyll content and increasing of carotenoids is associated with leaf senescence process (Afitlhile 1993; Gitelson and Merzlyak 1994 ). It's been shown that certain growth regulators have a significant influence on the chlorophyll and carotenoid levels (Volfová et al. 1978; Czerpak et al. 2002) . Using various growth regulators inhibits chlorophyll degradation, also in leaves of cut flowers, where the process of ageing takes place (Ranwala and Miller 2002; Skutnik and Rabiza-Świder 2004) . During the vegetative propagation commercially available formulations based on auxin are used, however to our knowledge their influence on chlorophyll and carotenoid level has not been widely described.
The use of biostimulants is another strategy for improvement of cuttings viability. In order to protect environment, the EU Council Directive (EU Council Directive no. 91/414/EEC 1991) was enacted that encourages limiting the use of chemicals in plant production and introducing integrated methods of cultivation and protection. Biopreparations are also recommended by the National Organic Program USDA (www.ams.usda.gov/AMSv1.0/NOP) and Organic Materials Review Institute (OMRI) (www. omri.org/sites/default/files/opl_pdf/complete_com-pany.pdf). A lot of research is being done on biostimulants used in plant cultivation (Cambri et al. 2008; Pruszyński 2008; Khan et al. 2009 ). In particular the positive influence of algae preparations has been repeatedly confirmed (Cambri et al. 2008; Khan et al. 2009; Thorsen et al. 2010) . They contain compounds of natural origin, and the effectiveness of their action depends on their protein and phytohormone composition content (Couée et al. 2004; Cambri et al. 2008; Jannin et al. 2013 ). These active compounds may stimulate rhizogenesis by inducing morphological and biochemical changes in plants (Cambri et al. 2008) . They are used in nurseries to improve the efficiency of rooting (Bellach et al. 2009 ) and protect cuttings from diseases (Wojdyła 2004; Khan et al. 2009 ). However, limited scientific information is available to support the positive effect of biostimulants on biologically active components in leaves of difficult-to-root plants including rose.
According to research of Whaphman et al. (1993) and Jannin et al. (2013) seaweed extracts prevent decrease of photosynthetic pigments and their use was correlated with increased level of proteins. This phenomenon has been linked to the positive effect on the survival of cuttings.
We believe that long time of rooting exposes cuttings of Rosa gallica 'Duchesse d'Angoulême' to prolonged stress and senescence process in leaves. The condition of leaves may correlate with percentage of rooted cuttings. Taking account all the above factors, a hypothesis was made in the study that the treatment of cuttings this rose with rooting preparations would positively affect on the condition of their leaves. Additionally, we expected differential impact of the phase maturity of shoots cut to rooting. The aim of our research was understanding of the correlation between the starting levels of the soluble proteins, chlorophyll a and b and carotenoids at the time of cutting excision and corresponding levels after rooting. In particular the influence of the above parameters over the positive action of biostimulants has been taken into account. The effect of environmental friendly biopreparations based on seaweeds extract (Bio Rhizotonic -"Canna Continental", Netherlands; Root Juice -"BioBizz Worlwide N.V.", Netherlands; Bio Roots -"General Hydroponics Europe", France), on the rhizogenesis process during the progress of the cuttings senescence has also been examined.
Materials and methods
Material for the research were leaves of Rosa gallica 'Duchesse d'Angoulême' taken from cuttings, rooted in standard conditions in a foil tunnel (23-25°C, ambient relative humidity 80-90%) in the commercial nursery of M. M. Kryt in Wola Prażmowska (51.56°N, 20.28°E) in 2011. Shoots used as input material in the experiment were cut from mother shrubs growing in the Polish Academy of Sciences Botanical -Centre for Biological Diversity Conservation in Powsin, in the following maturity phases: flower buds closed (May 31); all flowers in an inflorescence open (June 9); just after petal fall (June 17); 7-14 days after petal fall (June 29) (Fig. 1 a) . The single node leafy stem cuttings ( Fig. 1 b) were planted in multipot trays (6,6 × 6,6 cm), in the peat substrate (pH 6-6.5). The cuttings were treated with standard rooting powders: Ukorzeniacz A aqua (0.4% IBA) and Ukorzeniacz B aqua (0.2% NAA) ("Himal", Poland), or watered with solutions of the biostimulants: Bio Rhizotonic, Root Juice and Bio Roots. The treatments were conduct-ed according to manufacturer's instructions and description of watering is specified in detail in Table 1 .
After 12 weeks the percentage of rooted cuttings was counted. Leaves, for qualitative and quantitative analysis of the soluble protein fraction as well as the measurement of the amount of chlorophyll a/b and carotenoids were sampled twice: at the day of cutting from shoots in four maturity phase of mother plants and in August -after 12 weeks of rooting period (from rooted segments of shoots -the leaf derived from mother plant only). Additionally in order to compare changes in studied photosynthetic pigments content across the whole vegetation period leaves were harvested in August from analogical overblown shoots of mother plants in collection.
The samples were frozen and kept at the temperature of −18ºC until analysed. Research was carried out in the Department of the Evaluation and Plant Biodiversity Conservation of the PAS BG CBDC in Powsin.
Protein extraction
The same protein extracts were used for the evaluation of the total protein content as well as the qualitative estimation of the electrophoretic profile using the Laemmlie SDS-PAGE discontinuous system (Moberg et. al. 1987) . A sample of around 100 mg of frozen leaves was extracted three times (30 min. each time) with the 1 ml of extraction buffer containing 0.063 M TRIS, 2% SDS, 5% β-mercaptoethanol, 10% glycerol. Each sample was denatured for 5 minutes in a water bath at 98ºC and subsequently centrifuged at room temperature for 20 min. at 10000 g. Protein concentration has been estimated according to the modified method of Ghosh et al. (1988) .
Total protein content measurement
The 10 µl portions of the supernatant were marked on squares of Whatman 3 MM blotting paper placed in cells of cultivation plates. After drying at 35ºC for discolouration, 15 µl of the solution of CBB R-250 (0.2%) in (40%) methanol and (10%) acetic acid was sprinkled on the blotting paper. After 20 minutes, the excess of the pigment was eluted with methanol and acetic acid. After drying, it was moved to test tubes and the protein-pigment complex was eluted with 1% SDS in an ultrasonic washer for 1 hour. Absorption of the eluate was assessed at a wave length of 590 nm (spectrophotometer Gene Quant 1300, GE). The protein content was calculated based on the standard curve for BSA solutions.
Electrophoretic separation of proteins
Samples of protein extract of 25-30 µl were placed on a polyacrylamide gel and separated vertically (Hoefer SE 600), with the amperage of 30 mA in a stacking gel (T 3%) and 45 mA in a separating gel (T 10%). The analysis was carried out from transition of the trace dye front (bromophenol blue) at a distance of around 1 cm from the lower edge of the gel. After removing from the apparatus, the gels were stained for 30 minutes in the solution of Coomasie Brilliant Blue (CBB) R-250 (0.25%) in methanol (40%) and acetic acid (10%). Finally gels were de-stained until the colour background disappeared, dried out and visually examined.
Chlorophyll and carotenoid
For chlorophyll and carotenoid measurements 0.1 g leaf tissue was ground to a powder in liquid nitrogen using a mortar and pestle followed by extraction with 5 ml of acetone. In order to neutralize organic acids a pinch of calcium carbonate has been added to the acetone. After extraction samples were transferred to a volumetric flask and adjusted to the total volume of 25 ml with acetone. After filtering through soft blotting paper, the content of pigments was assessed spectrophotometrically by measuring absorbance at a wave length of 750; 662; 645 and 470 nm (GeneQuant 1300, GE). The content of chlorophyll and carotenoids has been calculated according to the following formulas (Arnon 1949 
Statistical analysis
In each studied treatment (Table 1) , 20 cuttings were planted in 4 replicas (4480 cuttings). The content of proteins and pigments in leaves was determined for six repeats. All results were analysed with the ANOVA (one or two-factorial analysis of variance) procedure using STATISTICA 10 software (Statsoft Polska, Kraków). In order to evaluate significance of differences between the averages, the Duncan's (proteins and pigments) and Tukey's (percentage of cuttings) tests were used. Moreover correlation between percentage of rooted cuttings and content of pigments in the leaves and between percentage of rooted cuttings and content of proteins in the leaves in relation to biostimulants were also calculated. The data has been transformed using the function ARC-SIN(x) 1/2 according to Bliss or y=x
. All the tests were used at the significance level of α=0.05.
Results

Protein qualitative and quantitative changes in leaves of cuttings
In order to describe the physiological state of used stockplants the total content of soluble protein fraction has been measured. The highest protein levels were present in leaves of mother plants at 7-14 days after petal fall (stage A4) whereas the lowest levels were observed for the all flowers opened (stage A2). Protein levels within leaves from stages A1 and A3 were similar (Fig. 2) . For the stage description refer to Fig. 1 .
Our further analysis has been focused on protein levels within leaves of cuttings. We found that protein content observed in 12 week old rooted cuttings was however significantly lower than levels in stockplants before rooting. Protein levels in leaves of 12 weeks old rooted cuttings were comparable in all combinations despite the different stockplant stage at the cut off time. In leaves of cuttings treated with biostimulants different levels of protein were observed depending on used preparation and maturity stage of the stockplant used at the cut off time (Fig. 2) . In leaves of cuttings derived from the stage A1 shoots treated with Ukorzeniacz B aqua and Root Juice 0.4% levels of protein were significantly higher comparing to leaves of representative control untreated cuttings collected at the same maturity stage of the stock plant. For cuttings taken at the stage A2 protein levels in leaves after biostimulatns treatment were comparable to representative untreated control. What is interesting for the A2 stage-derived cuttings treated with Ukorzeniacz A aqua and Bio Rhizotonic (3 × 0.6%) lowest levels of proteins observed in the entire experiment were present (Fig. 2) . In contrast to this treatment with biostimulants significantly increased protein levels in leaves of cuttings originated from the stage A3. In case of the Ukorzeniacz B aqua and Root Juice 0.4% protein levels observed after treatment were comparable to levels in representative stockplants at the cut off time. Observed values for these combinations were highest among the all measured samples from biostimulant treated cuttings (Fig. 2) . In leaves of the stage A4 cuttings positive effects of biostimulants on the protein level were observed for Ukorzeniacz B aqua and Bio Roots (0.02%) treatments. Other used biostimulants had no influence on the protein levels in this phase (Fig. 2) . No obvious difference in protein electrophoretic pattern has been observed suggesting this way only limited if any qualitative changes (Fig. 3) .
Changes in chlorophyll a and b and carotenoid content
Our research has shown that the content of pigments in leaves of mother plants before rooting was highly determined by phenological stage of shoots. For the stockplants the highest amounts of photosynthetic pigments were observed in leaves at the stage A3 (just after petal fall). During the later periods of vegetation at the moment at which the rooted cuttings were scored (August) the amount of chlorophyll a has decreased changing this way the chlorophyll/carotenoids as well as chlorophyll a/chlorophyll b content ratios.
The "mother plant effect" related to stockplant maturity at the time of cut off has been subsequently observed in leaves of rooted cuttings in combinations where no biostimulants were used (Fig. 4 a-c) . Only in leaves of cuttings originated from A1 stockplants the average amount of pigments remained at the similar level as in the leaves of mother plants. No change has been observed before rooting as well as at the time of harvest of rooted cuttings. In other combinations the content of pigments before rooting decreased, which was the most visible in leaves taken from the stage A3 stockplant (Fig. 4 a-c) . Observed decrease is similar and not related to the maturity stage of the stock plant in all tested combinations (Fig. 4 a-c; Fig. 5-8) . The measurements taken after rooting showed strong correlation between the content of studied pigments (chlorophyll a and b and carotenoids) and maturity phase of stockplants (Table  3 and Fig. 4 a-c) .
Also the effect of biostimulants on the rooting process was related to maturity stage of used shoots (Fig. 5-8) . In rooted cuttings from shoots (Fig. 5) . In leaves of cuttings taken from shoots with opened flowers (stage A2), the level of examined pigments tended to slightly increase after the watering of Bio Rhizotonic an Root Juice. Decreased level of carotenoids with simultaneous high content of chlorophyll a has been observed in leaves of cuttings watered three times with the 0.6% Bio Rhizotonic (Fig. 6 ). In leaves of cuttings from shoots just after petal fall, the use of all rooting stimulants had a clearly positive effect on increasing the level of chlorophyll a in leaves. In case of the chlorophyll b and carotenoids decreased levels were observed in leaves of control cuttings and after single watering with 0.4% and 0.6% Bio Rhizotonic (Fig. 7) . For the leaves from the stage A4 cuttings increased chlorophyll a content has been observed in combination treated 3 times with 0.6% Bio Rhizotonic. Also the Ukorzeniacz A aqua and Ukorzeniacz B aqua had a positive influence on the content of pigments. For the A4 stage the lowest studied pigment levels were observed after use of Bio Roots and 1 and 2 time of 0.6% Bio Rhizotonic (Fig. 8) . 
Percentage of rooted cuttings in correlation with protein, chlorophyll and carotenoid content
After detailed analysis of the entire experiment we found that both, the maturity of shoots and the rooting preparations have a significant effect on rooting efficacy. The highest percentage of rooted cuttings has been achieved when material has been taken from the stage A3 stockplants. The percentage of rooting was as following: stage A1 -65.1%, A2 -61.1%, A3 -75.1% and A4 -66.0%.
No correlation between the positive effects of biostimulants on the content of proteins and increase in rooting efficacy after biostimulant treatment has been observed except for the combination in which cuttings derived from shoots with opened flowers were used (Table 2) . We did not observe any cor- Table 1 . Different letters indicate significant differences, according to Duncan's test (α=0.05) relation between the content of pigments in leaves and increased rooting after biostimulants treatment (Table 3 ). The effect of used biostimulants was also influenced by the maturity state of stockplants. For cuttings obtained from A1 shoots single treatment with Bio Roots and triple treatment with 0.6% Bio Rhizotonic have positive effects on rooting (Fig. 5) . For cuttings obtained from the stage A2 the best rooting has been observed when highest doses of biostimulants were used and observed results were better than in combinations with traditional IBA and NAA rooting formulations were used (Fig. 6) . The highest number of the A3 cuttings were rooted when 0.2% Root Juice was used and observed rooting efficacy was larger than in a control cuttings as well as both auxin based formulations and Bio Roots. Observed rooting percentage for all used concentrations of Bio Rhizotonic and Root Juice was higher than for Table 1 . Different letters indicate significant differences, according to Duncan's test (α=0.05) Ukorzeniacz B aqua . In case of Ukorzeniacz B aqua lowest number of rooted A3 cuttings has been obtained (Fig. 7) . For the A4 phase cuttings statistical analysis has shown only minor differences in the percentage of rooting between used combinations. Similarly to A3 cuttings the lowest rooting percentage for the A4 cuttings has been observed when the Ukorzeniacz B aqua was used. In combinations when A4 cuttings were treated once or twice with 0.4% Bio Rhizotonic as well as twice with 0.6% Bio Rhizotonic rooting percentage was improved compared to when the NAA based formulation was applied (Fig. 8 ).
Discussion and conclusions
Due to the long time necessary for rooting process single one-leaf node cuttings of Rosa gallica 'Duchesse d'Angoulême' are facing leaf senescence. As for cut flowers the separation from mother plant leads to senescence and visible symptom of it is a decrease of chlorophyll content in leaves. The changes in the chlorophyll content in leaves takes place before the yellowing of the leaf blade becomes visible (Skutnik and Rabiza-Świder 2004) . Our research has shown that in the course of rooting of the Rosa gallica 'Duchesse d'Angoulême'decrease of studied pigments and protein content in leaves of rooted cuttings appeared and observed levels were lower than in corresponding mother plants at the time of cutting. The decrease of the chlorophyll content has been also observed in leaves of stockplants during the progress of a vegetative season. Observed phenomenon may be related to the natural senescence process.
As a consequence of it we found that the phenological phase of mother plants at the moment of harvest of cuttings have a major impact on the content of the biologically active components in leaves of rooted cuttings. We also found that the phenological stage of stockplant affects the action of preparations used for the stimulation of rhizogenesis and subsequent rooting efficacy. The practical consequence of this finding is that the knowledge on the stockplant phenological phase can be used as an important factor for successful rooting of recalcitrant rose plants.
Previous works on rose budding (Hetman and Monder 2004 ) and rhizogenesis of Ficus infectoria (Anand and Haberlein 1975) and Juniperus L. (Torchik 2005) also showed the correlation between the stockplant maturity and the efficacy of vegetative multiplication. Some important differences between different species and cultivars within the same genus were also reported (Torchik 2005) .
In our studies we have observed similar decrease of the protein level in leaves of rooted control cuttings despite of the difference in the phenological state of the stock plant used. The highest decrease of studied pigments was observed when cuttings were acquired after petal fall (the stage A3). Noteworthy is that the A3 stage-derived cuttings had the highest rooting ability, however further more detailed stu dies in this subject are necessary to understand the biological meaning of this observation.
The IBA and NAA based rooting preparations (Ukorzeniacz Aaqua and Ukorzeniacz B aqua respectively ) as well as galenical biostimulants (Bio Rhizotonic, Root Juice and Bio Roots) used in our experiment had different effects on measured param- Table 1 . Different letters indicate significant differences, according to Duncan's test (α=0.05) eters depending on the maturity of the stockplant shoots used for cuttings. The most advantageous effects of their use on the increase of protein and pigments content were observed in rooted cuttings taken from shoots just after flower petal fall. Certain seaweed based formulations of biostimulants contain glycine betaine. It has been reported that this compound delays the loss of photosynthetic activity by inhibiting chlorophyll degradation during storage conditions in isolated chloroplasts (Genard et al. 1991; Whapham et al. 1993) . In agreement to that the research of Blunden et al. (1997) and Jannin et al. (2013) shows that seaweeds and seaweed products enhance the chlorophyll content in leaves of cultivated plants. Application of a low concentration of Ascophyllum nodosum extract to soil or on foliage of tomatoes resulted in increasing chlorophyll content in leaves (Whapham et al. 1993) . However, in the research Jannin et al. (2013) on Brassica napus, the chlorophyll content and net photosynthetic rate gave contradictory results after using of Ascophyllum nodosum L extract.
The current state of knowledge on the effect of biostimulants on the protein content in leaves of so called "hard to root" woody plants is rather limited. In the research carried out on different cultivars of Juniperus by Szydło (1999) , no relation was found between the content of proteins and the rhizogenesis ability, however only standard powders containing IBA and NAA were used.
Taken together our studies indicate that the use of tested biostimulants in suitable concentration influence increase of chlorophyll and protein content and ability to rooting. However, changes in content of photosynthetically active pigments do not affect obtained percentage of rooted cuttings. In case of proteins only for the stage A2 the decrease in the protein content was correlated to observed decrease in rooting ability, therefore we can also say that biostimulants do not influence rooting capacity via increase in protein content. Our results confirm, that the process of rhizogenesis is complex and in optimal conditions does not rely on the delay or inhibition of senescence process in leaves. We believe that our studies clearly showed that the effect of biostimulants on rooting of woody plant cuttings does not rely on the delay of senescence however the exact action of biostimulants needs further research with help of more precise tools including the metabolomics and proteomics approaches.
